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(54) DIELECTRIC PORCELAIN COMPOSITION AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To significantly reduce change in the dielectric constant of a lead- combined perovskite dielectric 
material due to temperature without significantly lowering the dielectric constant 

CONSTITUTION: In a lead-combined perovskite dielectric porcelain composition. Pb(Mg1/3Nb2/3) 03-PbTi03 — 
Pb(Mg1/2W1/2)03, W03 is added by 1 to 10 parts by weight as additive to the main composition with the ranges 
of composition points as follows: A=(50, 30, 20), B=(40, 40, 20), C=(30, 40, 30), D=(30, 30, 40), E=(40, 20, 40) and 
F=(50, 20, 30). A core-shell structure of W and Nb is formed within the perovskite crystal grain. 
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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the constituent [Pb(Mgl/3Nb 2/3) 03, PbTi03, and Pb(Mgl/2 Wl/2) 03] which consists of magnesium 
niobic-acid lead, a lead titanate, and a magnesium lead wolframate The following forming point A= (50, 30, 20), B= 
(40, 40, 20), C= (30, 40, 30), D= (30, 30, 40), E= (40, 20, 40), the main composition of the interior of F= (50, 20, 30) 
and the hexagon come out of and expressed, or the range on a line ~ as an additive — W03 Dielectric porcelain 
constituent characterized by carrying out 1-10 weight section addition to the main composition. 
[Claim 2] The dielectric porcelain constituent according to claim 1 whose diameters of crystal grain of the 
aforementioned dielectric porcelain constituent are 0.5 micrometers or more and 10 micrometers or less. 
[Claim 3] In the manufacture method of a dielectric porcelain constituent a material component Magnesium niobic- 
acid lead, In the constituent [Pb(Mgl/3Nb 2/3) 03, PbTi03, and Pb(Mgl/2 Wl/2) 03] which consists of a lead titanate 
and a magnesium lead wolframate The following forming point A= (50, 30, 20), B= (40, 40, 20), C= (30, 40, 30), D= 
(30, 30, 40), E= (40, 20, 40), to the main composition of F= (50, 20, 30), the interior of the hexagon come out of and 
expressed, or the range on a line It is W03 as an additive. It consists of composition which carried out 1-10 weight 
section addition to the main composition. The manufacture method of the dielectric porcelain constituent characterized 
by performing the aforementioned baking process by the 1 100 degrees C - 1200 degrees C temperature requirement, 
including each process which mixes, grinds, fabricates and calcinates the material component concerned in a desired 
combination. 

[Claim 4] The manufacture method of the dielectric porcelain constituent according to claim 3 characterized by mixing 
and heat-treating the material component which contains the element more than a kind of B site component (Mg, Nb, 
Ti, W) of a compound perovskite among the aforementioned material components, generating a multiple oxide 
beforehand, adding an other-materials component after that, and considering as the desired last composition. 
[Claim 5] The dielectric porcelain constituent on the porcelain constituent which makes a lead system compound 
perovskite a principal component, and accompanied by an uneven distribution of the composition elements W and Nb 
to between the core part in perovskite crystal grain, and flanks. 

[Claim 6] The dielectric porcelain constituent whose difference of the maximum concentration and the minimum 
concentration an uneven distribution of a composition element is between the core part in perovskite crystal grain, and 
a flank in the porcelain constituent which makes a lead system compound perovskite a principal component, and is 
20% or more of the maximum concentration. 

[Claim 7] The dielectric porcelain constituent according to claim 5 or 6 whose diameters of crystal grain of the 
aforementioned perovskite crystal grain are 0.5 micrometers or more and 1 0 micrometers or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the dielectric porcelain constituent used for a stacked type ceramic condenser etc., 
especially the dielectric constant of this invention is large, it has little temperature dependence, and low-temperature 
baking is possible for it, and it relates to a dielectric porcelain constituent with a fine particle size. 
[0002] 

[Description of the Prior Art] As a dielectric used for a stacked type ceramic condenser, the barium-titanate system 
dielectric has been used conventionally. By combining with an additive etc., by equivalent for the F property of JIS (it 
is the capacity deflection +30 and less than [ -80% ] in -25-+85 degrees C of temperature requirements), this dielectric 
shows the property which was [ have / about 5000 dielectric constant ] excellent, and has been widely used as a 
dielectric of a ceramic condenser by equivalent for about 15000 dielectric constant and X7R property (capacity 
deflection is less than **15% in -55-+125 degrees C of temperature requirements). 

[0003] on the other hand — the demand of the miniaturization high capacity as recent years and an element ~ a basis — 
a **** stacked type ceramic condenser — lamination has progressed [ neighboring dielectric thickness ] to about 
several microns fUrther 

[0004] Correspondence is becoming difficult as it has the feature to which a dielectric constant falls and the demand of 
the formation of small high capacity of an element increases so that the electric field which are impressed in the case of 
a barium-titanate system material are strong. 

[0005] The lead system compound perovskite system material other than a barium-titanate system material is known as 
a high dielectric constant system material. This material shows about 25000 dielectric constant by equivalent for the F 
property of JIS, and examination of utilization has been widely performed as an interesting material. However, the 
volatilization of lead whose material of this cannot take a mechanical strength poses a problem, and is also material 
with many troubles - it is easy to start insulation deterioration with plating liquid with difficult baking. 
[0006] however, 1 micro F or more which needs many internal electrodes with a high dielectric constant since 
advantages, like having a high dielectric constant and it can generally calcinate at 1000 to about 1200 degrees C are got 
and the internal electrode of a stacked type ceramic condenser can be replaced with a palladium-silver alloy and 100% 
of silver from the conventional palladium 100% - it has been comparatively put in practical use with the element of 
high capacity 

[0007] Moreover, generally, reduction of the dielectric constant by bias electric field is small, and a lead system 
compound perovskite system material is an abbreviation half grade compared with a barium-titanate system material. 
Lead system compound perovskite system material has attracted attention also as a material corresponding to the 
demand to formation of small high capacity which was mentioned above. 

[0008] A barium titanate shows phase transition serially, phase transition occurs near -10 degree C and near +120 
degree C, and the peak of a dielectric constant also has the maximal value twice near [ this ] temperature corresponding 
to this. 

[0009] Material with little temperature dependence, such as X7R property and B weighting (capacity deflection is less 
than **10% in -25-+85 degrees C of temperature requirements), shows the with a dielectric constant of about 5000 
property by combining composition uneven structures, such as an additive and core-shell structure, suitably for this. 
[0010] On the other hand, in order that in the case of lead system compound perovskite system material phase 
transition generally might not be shown serially but the peak of a dielectric constant might also only show 1 time of the 
maximal value, unlike the barium-titanate system material, it was thought that it was difficult to show the property of 
the high dielectric constant in X7R property and B weighting. 

[001 1] In addition, about core-shell structure, although the Ceramic Society of Japan 1991 annual-convention lecture 



Page 2 of 8 



**** collection 2 4th study group data 2 will have a report C34, pp266, and the JEOL Semiconductor Equipment & 
Materials International new functional compound electronic material study group in the Heisei 3 fiscal year, flattening 
of the temperature characteristic to the extent that X7R or B weighting is filled is not performed, and the publication 
about a dielectric constant is not seen, either. 

[0012] The porcelain constituent having the advantage of this material and the temperature characteristic of a dielectric 
constant being flat about such a situation to a lead system compound perovskite system dielectric, and a dielectric 
constant being large is called for. 
[0013] 

[Problem(s) to be Solved by the Invention] When it was going to obtain a dielectric porcelain constituent with few 
rates of a temperature change using a Pb(Mgl/3Nb 2/3) 03-PbTi03-Pb(Mgl/2 Wl/2) 03 lead system compound 
perovskite system material, there was a problem that a dielectric constant generally decreased to 2000 to about 3000. 
[0014] this invention is Pb(Mgl/3Nb 2/3) 03-PbTi03-Pb(Mgl/2 Wl/2) 03. It aims at not spoiling a dielectric constant 
remarkably using a lead system compound perovskite system material, and offering the dielectric porcelain constituent 
with few rates of a temperature change which doubles and has the advantage of a lead system compound perovskite 
system material. 
[0015] 

[Means for Solving the Problem] Namely, this invention is set to the constituent [Pb(Mgl/3Nb 2/3) 03, PbTi03, and 
Pb(Mgl/2 Wl/2) 03] which consists of magnesium niobic-acid lead, a lead titanate, and a magnesium lead 
wolframate. The following forming point A= (50, 30, 20), B- (40, 40, 20), C= (30, 40, 30), D= (30, 30, 40), E= (40, 
20, 40), the main composition of the interior of F= (50, 20, 30) and the hexagon come out of and expressed, or the 
range on a line — as an additive - W03 It is the dielectric porcelain constituent characterized by carrying out 1-10 
weight section addition to the main composition. 

[0016] Moreover, the diameter of crystal grain of the aforementioned dielectric porcelain constituent is the dielectric 
porcelain constituent which are 0,5 micrometers or more and 10 micrometers or less preferably. 
[0017] this invention is set to the manufacture method of a dielectric porcelain constituent, a material component 
Moreover, magnesium niobic-acid lead, In the constituent [Pb(Mgl/3Nb 2/3) 03, PbTi03, and Pb(Mgl/2 Wl/2) 03] 
which consists of a lead titanate and a magnesium lead wolframate The following forming point A= (50, 30, 20), B= 
(40, 40, 20), C= (30, 40, 30), D= (30, 30, 40), E= (40, 20, 40), to the main composition of F= (50, 20, 30), the interior 
of the hexagon come out of and expressed, or the range on a line It is W03 as an additive. It consists of composition 
which carried out 1-10 weight section addition to the main composition. It is the manufacture method of the dielectric 
porcelain constituent characterized by performing the aforementioned baking process by the 1 100 degrees C - 1200 
degrees C temperature requirement, including each process which mixes, grinds, fabricates and calcinates the material 
component concerned in a desired combination. 

[0018] Moreover, it is the manufacture method of the dielectric porcelain constituent characterized by mixing and heat- 
treating the material component which contains the element more than a kind of B site component (Mg, Nb, Ti, W) of 
a compound perovskite among the aforementioned material components, generating a multiple oxide beforehand, 
adding an other-materials component after that, and considering as the desired last composition. 
[0019] Furthermore, this invention is a dielectric porcelain constituent accompanied by an uneven distribution (core- 
shell structure) of the composition elements W and Nb to between the core part in perovskite crystal grain, and flanks 
in the porcelain constituent which makes a lead system compound perovskite a principal component. 
[0020] Furthermore, in the porcelain constituent which makes a lead system compound perovskite a principal 
component, this invention has an uneven distribution of a composition element between the core part in perovskite 
crystal grain, and a flank, and is a dielectric porcelain constituent whose difference of the maximum concentration and 
the minimum concentration is 20% or more of the maximum concentration. 

[0021] Moreover, it is the dielectric porcelain constituent which makes a principal component preferably the lead 
system compound perovskite whose diameters of crystal grain of the aforementioned perovskite crystal grain are 0.5 
micrometers or more and 1 0 micrometers or less. 
[0022] 

[Function] In the dielectric porcelain constituent which makes a lead system compound perovskite a principal 
component, flattening of the temperature characteristic of a dielectric constant can be carried out, without reducing a 
dielectric constant remarkably by making the uneven structure (core-shell structure) of an element distribution form 
between the core part in perovskite crystal grain, and a flank. 

[0023] Moreover, degradation of insulation resistance can be prevented by suppressing the diameter growth of crystal 

grain. 

[0024] 
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[Elements of the Invention] 
[D025] 

[Composition] this invention is characterized by carrying out flattening of the temperature characteristic of a dielectric 
constant in the dielectric porcelain constituent which makes a lead system compound perovskite a principal 
component, without reducing a dielectric constant remarkably. 

[0026] The following can be used as main composition of the dielectric porcelain constituent used by this invention. 
[0027] Namely, it sets to the constituent [Pb(Mgl/3Nb 2/3) 03-PbTi03-Pb(Mgl/2Wl/2) 03] which consists of 
magnesium niobic-acid lead, a lead titanate, and a magnesium lead wolframate. The following forming point A= (50, 
30, 20), B= (40, 40, 20), C= (30, 40, 30), D= (30, 30, 40), E= (40, 20, 40), F= (50, 20, 30), the interior of the hexagon 
come out of and expressed, or the range on a line is considered as the main composition 
[0028] the case of the composition system of Pb(Mgl/3Nb 2/3) 03-PbTi03-Pb(Mgl/2 Wl/2) 03 -- the above- 
mentioned composition — it is to spoil temperature dependence remarkably as it is out of range, and for a dielectric 
constant to decrease remarkably 

[0029] Moreover, as a more desirable composition range, it is the range inside a triangular system expressed with (40, 
30, 30), (43, 27, 30), and (40, 27, 33). 

[0030] Moreover, it sets to this invention and is W03 to the above-mentioned main composition. It is characterized by 
adding superfluously. This W03 It is thought that superfluous addition realizes uneven structure (core-shell structure) 
of an element distribution in a dielectric porcelain constituent. 

[0031] W03 Let an addition be the range of 1 - 10 weight section to the aforementioned main composition. When 
flattening of the temperature characteristic will become inadequate if the addition of W03 is under 1 weight section, 
and 10% is surpassed, it is for causing a remarkable reduction of a dielectric constant. Moreover, more desirable W03 
An addition is the range of 2 - 5 weight section. 
[0032] 

[Detailed organization] this invention has the feature in the fine structure of a dielectric porcelain constituent. Although 
it was known for the barium-titanate system porcelain constituent that flattening of the temperature characteristic of a 
dielectric constant is realized according to core-shell structure, it turns out that this structure is realized also about the 
compound perovskite dielectric porcelain constituent of this invention. 

[0033] Flattening of the temperature characteristic to the extent that how to make indication of Ti separating also into 
the above-mentioned advanced-technology reference with Mg, Nb, and W fills X7R or B weighting with these was not 
produced. 

[0034] On the other hand, in the porcelain constituent of this invention, it turns out that the inclination of separation 
strong also between Nb and W is accepted, an uneven distribution of the composition elements W and Nb arises, and 
core-shell structure is substantially formed between the core part in perovskite crystal grain, and a flank. 
[0035] Furthermore, it discovered that did not spoil a dielectric constant in a degree very much in this case, and 
flattening of the temperature characteristic of a dielectric constant was made. The shade of the shape of this core shell 
is checked only within the case where flattening of the temperature characteristic is performed, fi'om the below- 
mentioned example, and can be interpreted as that to which flattening of the dielectric constant temperature 
characteristic was performed by realization of core-shell structure like the case of a barium titanate. 
[0036] Here, between the core part in perovskite crystal grain, and a flank, when the difference of the maximum 
concentration and the minimum concentration expresses, as for a composition element uneven distribution, it is 
desirable that it is 20% or more of the maximum concentration. When the above concentration change was accepted, 
especially the improvement of the temperature characteristic was found. Moreover, it is desirable for there to be 40% 
or more of 50% or more of uneven distributions still more preferably more preferably. In addition, the analysis of the 
element distribution state by EPMA can investigate concentration analysis here. 
[0037] 

[The diameter of crystal grain] Moreover, in the dielectric porcelain constituent of this invention, it is desirable that it 
is the range the diameter of crystal grain of whose is 0.5 micrometers - 1 0 micrometers, and the range which is 0.8 
micrometers - 5 micrometers is more desirable. 

[0038] A grain growth is because it becomes the obstacle of lamination, when it is not desirable as a dielectric 
porcelain constituent and generally applies to a stacked type ceramic condenser with degradation of insulation 
resistance. On the other hand, when the diameter of crystal grain is too small, it is for reduction in a dielectric constant 
to arise. 

[0039] composition of this invention — setting — W03 Addition has the effect which suppresses grain growtii and can 
hold down generation, simultaneously the diameter of crystal grain of the aforementioned core-shell structure to 10- 
micrometer less or equal. 
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[0040] 

[The manufacture method] The dielectric porcelain constituent of this invention passes the following processes. 
Namely, after it carried out weighing capacity to composition of a request of a start raw material of aforementioned 
composition within the limits in the form of an oxide etc., and the ball mill etc. mixed and ground, and drying and 
adding a solvent and a binder component as occasion demands, it calcinates by fabricating in a desired form by print 
processes, the doctor blade method, the pressing method, etc. 

[0041] 1 100 degrees C - 1200 degrees C of burning temperature in this case are usually more preferably performed by 
the 1 130 to 1 1 80 degrees C temperature requirement. Flattening of the temperature characteristic does not progress to a 
low case from this burning temperature, and in being higher than this temperature, melting of a porcelain constituent 
starts, and it is because it is not desirable. 

[0042] Moreover, more preferably, although a start raw material can be raw-prepared and the last composition can also 
be compounded in the above-mentioned manufacture method, although it becomes B site component (Mg, Nb, Ti, W) 
of a compound perovskite, it is desirable to heat-treat previously the start raw material containing at least one sort, to 
compound in the form of a multiple oxide, to add the remaining raw materials (PbO etc.) to this, and to compound the 
last constituent. 

[0043] Although flattening of the temperature characteristic is attained even when a porcelain constituent is created by 
raw preparation without this heat-treating B site component previously, it is because reduction in a dielectric constant 
may be seen in this case. 

[0044] It is thought that the cause of a fall of this dielectric constant is based on Nb in B site component or an 
operation of Mg. When carrying out by raw preparation, Nb and Pb under composition react and it is thought that the 
niobic-acid lead of the low Pb3 Nb4 013 grade of a dielectric constant is generated, or decline in a dielectric constant 
is caused, without carrying out uniform distribution of Mg with light specific gravity at the time of mixture and 
trituration. 

[0045] Therefore, it is desirable that they are the niobium compound which contains Nb at least, and the conjugated 
compound which contains Nb and Mg more preferably as a conjugated compound which should be compounded first. 
In addition, there is not necessarily no need that a multiple oxide here contains all the B site components, and it may 
contain some of the components. 

[0046] Generation of the above-mentioned multiple oxide can be performed by carrying out specified quantity 
weighing capacity of the start raw material containing at least one sort of B site component (components other than Pb) 
in a constituent, and adding heat treatment through mixture and trituration, the temperature of this heat treatment - 
usually - 500degreeC-1200degreeC - it carries out by the temperature requirement near the 800 degreeC preferably 
[0047] 

[Example] It is PbO, MgO, Nb 205, TiO, and W03 to a start raw material. It used. They are PbO and superfluous 
W03 about each oxide. Trituration mixture was performed for the part (an equivalent for B site) except llie 
corresponding part in 24-hour pure water with the zirconia ball after weighing capacity. 

[0048] 1000 degrees C and heat treatment of 2 hours were performed after dryness, and the middle constituent was 
obtained. Again, with the zirconia ball, trituration mixture was performed in 24-hour pure water, and the middle 
constituent was made into fine particles through dryness, as superfluous to the obtained fine particles as PbO of the 
specified quantity ~ a part - W03 weighing capacity ~ it added and trituration mixture was similarly performed in 24- 
hour pure water with the zirconia ball Temporary quenching was carried out on 800-degree-C conditions of 2 hours 
after dryness, and the fine particles of the target composition were obtained through the same trituration and dryness. 
[0049] Added PVA to these fine particles, performed press forming, it was made to sinter with the burning temperature 
indicated to after-mentioned Table 1 - 3, and the porcelain constituent was obtained. A silver electrode is burned at 600 
degrees C to the obtained porcelain constituent. It considered as the attachment sample. A sample is [ 8.5mm and the 
inter-electrode distance of an electrode diameter ] 0.7mm - 1 .5mm in the shape of a disk, and observation of the 
fracture surface where, as for a transcendence marginal ohm-meter and particle-size evaluation, evaluation of dielectric 
characteristics used the impedance analyzer, and insulation resistance used the scanned type microscope performed, 
respectively. The deflection (%) from the dielectric constant of 20 degrees C showed the rate of a temperature change 
of specific inductive capacity. 

[0050] In the composition besides the invention range, it turns out that the temperature characteristic of a dielectric 
constant is remarkably inferior so that more clearly than after-mentioned Table 1-3. Moreover, W03 In not adding, 
the temperature characteristic is inferior, and also particle size becomes large, and insulation resistance falls. W03 
When it adds 15%, the remarkable decline in a dielectric constant takes place. It is W03 from these. As for an addition, 
it turns out 1 or that it is 2 or 5% preferably 10%. 

[0051] Although there is an inclination of flattening of the temperature characteristic the more the more temperature is 
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high about burning temperature, the signs of melting are looked at by a part of composition at 1200 degrees C. It is 
thought with taking this into consideration that 1 100 degrees C or 1200 degrees C of burning temperature are desirable. 

[0052] The photograph shown in drawing 2 and drawing 3 is W03 to a composition ratio (43, 27, 30). 5%, although it 
is a composition image at the time of adding 2% and calcinating at 1 1 50 degrees C, the shade has appeared in the shape 
of a core shell, respectively. The shade of the shape of this core shell is checked only within the case where flattening 
of the temperature characteristic is performed, and can be interpreted as flattening of the temperature characteristic 
having been performed by realization of core-shell structure like the case of a barium titanate. 

[0053] The result which carried out quantitative analysis to drawing.4 and drawing 5 by EPMA about these samples is 
shown. Drawing 4 is W03 to a composition ratio (43, 27, 30), It adds 5%, and calcinates at 1 150 degrees C, and 
drawing 5 is W03 to the same main composition. It adds 2% and calcinates at 1 150 degrees C. 

[0054] It turns out that the shape of a core shell has a concentration distribution by W, Nb, and Ti in each case. In other 
words, Nb and Ti will gather and W will dissociate with these. 

[0055] Moreover, it was also observed that a composition element ratio is reversed in the core section and the shell 
section by the sample. That is, in the example of drawing 4 of 3 = 5% addition of WO(s), the concentration of W 
becomes high in the core of perovskite crystal grain, and the concentration of Ti and Nb is decreasing. On the other 
hand, in the example of drawing 5 of 3 = 2% addition of WO(s), the concentration of Ti and Nb becomes high 
conversely in the core of crystal grain, and the concentration of W is decreasing. 

[0056] In the case of the constituent shown in drawing, 20 or 50% or more of concentration change was accepted in the 
core section and the shell section about W. Moreover, about the sample as which the improvement of the temperature 
characteristic is not regarded remarkably, change of concentration was not observed at the forge fire a significant 
difference is accepted to be. Therefore, in order to improve the temperature characteristic remarkably, it is desirable for 
there to be 40% or more of 50% or more of uneven distributions still more preferably preferably 20% or more in the 
core section and the shell section between composition elements. 
[0057] 
[Table 1] 
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14000 


+ 3 


-45 


10.2 


25 


23 








1 


IISO 


10500 


♦ 3 


-20 


12.1 


8.0 


2i 








2 


1150 


8400 


+ 5 


•12 


12.0 


5.0 


25 








3 


1150 


6100 


+ 2 


-9 


12.4 


4.0 


28 








5 


1150 


5100 


+ 2 


-7 


12.9 


2.0 


27 








10 


iiao 


4200 


+ 0 


-5 


12.3 


2.5 


27* 








15 


1150 


500 


+ 0 


-5 


13.5 


2.5 


29 


43- 


30- 


27 


2 


1200 


6500 


+ 3 


-S 


12 .5 


3 . 5 


30 








3 


1200 


6000 


+ 0 


-7 


12.5 


3.5 
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V03- 














PMN-PT-PHW 


( S 


M S ) 




% 


log p 




31* 


53-27-20 




5 


1200 


1 6000 OO -55 


12-3 


5.0 


32* 






10 


1150 


3000 420 -35 


12.5 


6.5 


33* 


45-40-15 




5 


1150 


6000 490 -20 


12.3 


4.0 


34« 






10 


1150 


4500 480 -3C 


12.5 


4.5 


35* 


30-45-25 




2 


1200 


4500 +110 -20 


12. S 


5.5 


36* 






3 


1200 


3200 490 -30 


12.6 


10 


37* 


25-35-40 




2 


1200 








38* 






3 


1200 









PMN-PT-PMWttPb (M^l/3Nb2/3) 03-PbTi03-P 
b(Mffl/2Wl/2l0 3*3Tt1-o 



[0060] 

[Effect of the Invention] According to this invention, a dielectric constant cannot be reduced remarkably and change of 
the dielectric constant by temperature can be suppressed remarkably small. Moreover, a cheap intemal electrode can be 
used by low-temperature baking which is the feature of lead system compound perovskite system material, and the 
porcelain constituent which was excellent with bias electric field as a dielectric of a stacked type ceramic condenser 
with little decline in a dielectric constant can be obtained. 
[0061] 
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